Following accretion of southern Siberian microcontinents to the compositions reveal up to one order of magnitude variation of
INTRODUCTION
 Ba, La, Ce, Pr, Nd, Sm, Eu, and Pb. In addition, partition 
of liquidus phases rock and whole-plagioclase analyses for oxygen isotopes and trace
Ion microprobe analysis provides a local, sensitive and elements were also made to constrain the amount of contamination of basic magma and study its temporal trends. Plagioclase core minimally destructive method to study the composition and micron-scale zoning of trace elemental composition plagioclase, especially calcic plagioclase, preserves its initial composition in most cases. of minerals at ppm levels of concentration (Shimizu & Hart, 1982; Zinner & Crozaz, 1986) . Knowledge of The central assumption in using plagioclase to retrieve the composition of parental melt is that the large (>1 mm) appropriate partition coefficients leads to characterization of the primary composition of the parental melt from and unzoned Ca-rich cores of plagioclase preserve the original concentration of trace elements, inherited from which these minerals had crystallized. The use of the 'recorded' trace element concentrations in phenocrysts the parental high-temperature basaltic magma from which they crystallized. Rims over the existing core are can be used to infer the trace elemental evolution of magmas, and then infer magma chamber processes such often the result of overgrowth, which is often perceived to be the outcome of volcanic eruption or plutonic as fractionation and magma mixing (Blundy & Shimizu, 1991; Singer et al., 1995; Bindeman, 1998) . In com-intrusion into the cold country rocks or into a colder magma ('plutonic quenching'). As a result, crystallization plement to trace elements, isotope profiling of phenocrysts provides further insight into changes of magma sources of new layers on plagioclase cores proceeds and newly grown rims encapsulate the pre-existing core, and isolate during phenocryst growth history (Davidson & Tepley, 1998) .
it from further interaction with the melt. One can argue that if a plateau is found on the The reconstruction of the parental melt composition based on unzoned surviving relict phenocryst cores is concentration-distance plot, the concentrations of trace elements in crystals are magmatic and were not modified particularly important for old, variously differentiated, irregularly as expected for subsolidus alterations. The altered and tectonized rocks, in which study of melt presence of low-amplitude oscillatory zoning even in the inclusions is problematic. This approach may be the only Archean plagioclase cores demonstrates that the original way for plutonic rocks which may represent cumulates, magmatic, micron-scale liquidus features were not obresidual melts or hybrid rocks for which bulk-rock studies literated later (e.g. Morse, 1984) . Large size and uniare of limited compositional significance. Unzoned cores formity of the cores suggest formation in large, slowly of relict phenocrysts allow us to see back through the cooling, and high-temperature reservoirs of basic magma. effects of fractional crystallization, magma mixing and In contrast to extremely sluggish cation diffusion in subsolidus alteration of the rock. This approach has more feldspars, they have shown a greater susceptibility to promise for mafic rocks, in which accessory minerals oxygen isotope exchange (e.g. Criss & Taylor, 1986) . (which may have high trace element concentrations) are Below we use an additional test for the preservation of not normally present or appear only during later stages magmatic values of feldspars and retention of their highof crystallization after phenocrysts.
temperature isotopic fractionation with other minerals. In addition, surviving plagioclase cores serve as a good container of near-liquidus trace elements even if their
Plagioclase megacrysts approach
host basic magma suffered subsequent fractionation and/ The use of plagioclase as a recorder of the liquidus or assimilation of crustal rocks. The use of near-liquidus chemistry of magma has the following advantages: (1) It phenocrysts, hence, aims to minimize the possible effects is common in most igneous rocks. (2) It appears as a of assimilation and fractionation. This is the best one liquidus phase in most basaltic magmas. (3) Minerals can do for basic rocks in an attempt to take one step back that sometimes crystallize before plagioclase (e.g. olivine, toward the 'primary', mantle-equilibrated composition. pyroxenes) do not normally fractionate trace elements significantly and, therefore, plagioclase adequately reflects the initial trace element signature of their parental An application to long-term magmatic magma. (4) Plagioclase contains measurable quantities of evolution during cratonization trace elements of different geochemical groups [e.g. large ion lithophile elements (LILE), rare earth elements (REE), The transformation of orogenic belts into cratonic regions occurs by means of a series of interrelated magmahigh field strength elements (HFSE)]. (5) It has very low diffusivities of major and trace cations of all of these tectonic processes: erosion and uplift, decrease of volumes of magmatism with time, and change of the character of groups (diffusion coefficient values at 1000°C are typically 10 -15 -10 -19 m 2 /s) (Cherniak & Watson, 1992 ; Giletti, magmatism toward more alkalic, and especially K-rich compositions (e.g. Windley, 1984 Windley, , 1993 Pollack, 1986; 1994; Brady, 1995; Giletti & Shanahan, 1997) and high closure temperatures (>800-1000°C for 1 mm size crystal Bonin, 1987) . Studies of areas characterized by Proterozoic cratonization-the Arabian-Nubian Shield (Abat 1000°C per 1 my cooling) (Cherniak & Watson, 1992; Cherniak, 1995) in comparison with Fe-Mg igneous del-Rahman, 1995), NE Brazil (Dal'Agnol et al., 1987) , Fennoscandia (Ramo, 1991) and the USA (Windley, minerals. Diffusion in anorthite is 3-4 orders of magnitude slower than in albite (Giletti, 1994) . Therefore, 1984; Anderson & Morrison, 1992) -show that rocks formed in these areas are characterized by specific trace and south of the Siberian craton and Lake Baikal. The elemental concentrations and ratios. Phanerozoic mag-concentration of igneous rocks in this territory is enormmatism in Transbaikalia since 400 Ma is probably the ous, as can be seen from regional and local maps (see youngest and best-exposed example of modern cra- Fig. 1a and b) . The geology of the area was recently tonization reflecting a transition from orogenic to ano-reviewed in the English geological literature by Wickham rogenic magmatism. et al. (1995 Wickham rogenic magmatism. et al. ( , 1996 . The province consists of several Current petrogenetic models call for basaltic magma magmatic belts (see Fig. 1 ): (1) Ordovician-Silurian Anto provide both heat and matter for anorogenic granitoids garo-Vitim batholith; (2) Devonian-Carboniferous plu-(e.g. Barker et al., 1975; Wickham et al., 1995 Wickham et al., , 1996 . tonic belt; and (3) Early Permian, (4) Late Permian, and Melting of thickened lithospheric mantle is considered (5) Permo-Triassic plutonic belts with contemporaneous to supply the basaltic magma into the lower crust, which volcanics. Igneous activity continued through the Mesocauses underplating, melting, hybridization and pro-zoic and Tertiary to the present day and comprises five duction of granitic, syenitic and monzonitic magmas with additional volcanic-plutonic suites, considered here: (6) clear anorogenic trace element affinities (Pollack, 1986 ; Middle to Late Jurassic; (7) Early Cretaceous; (8) Late Bonin, 1987; Wickham et al., 1996) . The heat and chem-Cretaceous; (9) Tertiary; (10) Early Quaternary. The last ical composition of basic magmas are therefore critical, two suites are entirely volcanic and directly related to yet only subordinate volumes of mafic rocks are present the opening of the Baikal Rift (Rasskazov, 1994) . in silicic plutons. Silicic rocks are well exposed on the The areas of plutonic rocks of different ages decrease surface and can be easily studied by whole-rock methods, with decreasing age, total outcrop areas for plutonic but this is not the case with their mafic counterparts. suites (1)- (5) of Transbaikalia and the adjacent areas of The silicic plutons serve as traps and density filters, rarely northern Mongolia being: (1) 150 000 km 2 ; (2) 39 000 km 2 ; allowing the dense basic magma to reach the surface (3) 25 000 km 2 ; (4) 7800 km 2 ; (5) 5600 km 2 (Litvinovsky & (e.g. Bonin, 1987) . In addition, the mafic rocks are Zanvilevich, 1998). Exposed volcanic areas also decrease often highly altered, fractionated and hybridized, which with time, but it is difficult to make quantitative estimates. complicates the interpretation of whole-rock analyses.
Overall decrease of the exposed surface areas of magmatic Here we use plagioclase megacryst cores in the mafic rocks of each age group is likely to reflect the decrease rocks to unravel the chemical compositions of their of magma volumes during the last 400 my. parental melts. In combination, oxygen isotope study of Transbaikalian magmatism bears many features colwhole rocks and minerals, and whole-rock chemical lectively attributed to orogenic to postorogenic and then compositions allow assessment of the effects of frac-to anorogenic magmatic transitions (Leontiev et al., 1981;  tionation, assimilation and secondary alteration. Thus, Zanvilevich et al., 1985) . For example, postorogenic and on the basis of ion microprobe-measured trace element anorogenic magmatism is predominantly silicic with only concentrations in cores of plagioclase it is possible to subordinate volumes of mafic rocks. In contrast, extensive document the evolution of primary basic magma chem-mafic-silicic hybridization textures in outcrops (e.g. Litistry during the process of cratonization in a single vinovsky et al., 1994; Bindeman, 1998) and isotopic and lithospheric block. Unzoned cores of phenocrysts allow us trace elemental studies (Wickham et al., 1995 (Wickham et al., , 1996 to see back through the effects of fractional crystallization, show conspicuous involvement of basic magma in the magma mixing and subsolidus alteration of the rock, and petrogenesis. retain compositional information on the parental melt composition. We describe the technique for selecting suitable crystals for analysis. Given the narrow com-Tectonic and magmatic evolution positional range of Transbaikalian plagioclase of different Tectonic histories of the region of southern Siberia and ages (see below), this procedure leads to direct charac-Mongolia were recently reviewed by Zonenshain et al. terization of the relative trace element enrichment or (1990) and Sengor & Natal'in (1996) . Following the depletion history, by comparing the composition of accretion of several microcontinents to the southern selected plagioclases. This, in combination with oxygen margin of the Siberian platform in the Lower Paleozoic, isotope studies, provides insight into the mantle source Transbaikalia and Northern Mongolia developed as an regions and their evolution.
intracratonic region. The Ordovician-Silurian magmatism was characterized by emplacement of the exceptionally large Angaro-Vitim batholith, a slab-shaped
REGIONAL BACKGROUND
body 10-15 km thick and originally covering an area of Geology >200 000 km 2 (Litvinovsky et al., 1994) . At the presentProvince day erosional level, the lower parts of this pluton are partly exposed. Younger magmatic suites (2)-(10), conThe granitoid province of Transbaikalia is a vast area of Phanerozoic granitic magmatism in Siberia (Fig. 1) , east sidered here, reside inside this batholith (see Fig. 1 ). Most of the Paleozoic post-collisional geological history the Mongol-Okhotsk ocean to the south by anticlockwise rotation of the Chinese blocks as a result of strike-slip can be interpreted as successive accretions of microcontinents or island arcs and geometrical expansion faulting and shortening (Sengor & Natal'in, 1996; Nie et al., 1990) . of the southern margin of the craton to the south-east while Transbaikalia and Northern Mongolia became
The Mesozoic and Cenozoic geological history started with the closure of the Mongol-Okhotsk ocean in increasingly remote from plate boundaries (Gordienko, 1987) . Several recent tectonic models propose closure of Late Jurassic time. Since then, magmatism has traced intracontinental rift tectonics, which culminated in the silicic rocks. For example, liquid-liquid, crenulated contact zones occur between many mafic and silicic rocks opening of the Baikal rift during the Tertiary (Rasskazov, (Litvinovsky et al., 1994; Bindeman, 1998) . Mafic rocks 1993 Mafic rocks , 1994 .
have finely crystalline ('chilled') margins against the silicic The main conclusion regarding the tectonic evolution host, and are also intruded by the silicic host residual of Transbaikalia is that magmatism occurred in the same melt. Such field relationships have long been interpreted lithospheric block as occupied by the Angaro-Vitim as reflecting a close time and space association of two batholith of Ordovician-Silurian age (see Fig. 1 ented parallel to the walls of the fracture. Some synSm-Nd, U-Pb, and Rb-Sr radiometric dating of different plutonic dikes change into composite dikes along their plutonic belts is currently under way in several laboratstrike. ories.
Both synplutonic and composite dikes reflect lateThe relative ages of Paleozoic and Mesozoic plutonic plutonic rapid intrusion and chilling of basic and/or complexes are constrained by geological cross-cutting basic + silicic magmas. Textures are consistent with the relations (Leontiev et al., 1981; Zanvilevich et al., 1985 ; basic magma becoming >50% crystalline during initial Gordienko, 1987) . Mesozoic volcanic suites are dated rapid cooling and encapsulation of phenocrysts by the using both paleontological and structural information groundmass crystals. This, combined with the small vol- (Rasskazov, 1993) . Existing radiometric age de-ume of basic magma, leads to quenching of the plagioclase terminations are consistent with the relative age sequence megacrysts in them to near the closure temperature. (Table 1 ). Many Mesozoic and Cenozoic volcanic rocks Therefore, plutonic quenching of plagioclase megacrysts have been dated by the K-Ar method [see Table 1 and proceeds similarly to volcanic quenching, and homo- Kononova et al. (1993) and Rasskazov (1993 Rasskazov ( , 1994 , and geneous near-liquidus cores are preserved in both cases. references therein].
Coeval silicic and basic magmatism
Sampling strategy
The age of mafic rocks associated with granitic plutons Samples considered in this study were collected within a terrane that has remained as a single lithospheric block is constrained mainly by their structural relations with for the last 400 my (see Fig. 1a ). Our collection of mafic monitor whether the primary beam sputtered into a glass or mineral inclusion during analysis of plagioclase. rocks is as extensive as possible given present exposures. Most samples containing plagioclase megacrysts (Table 2 ) Synthetic glasses doped with trace element were used as standards. They were analyzed twice a day to monitor are from the Lower Selenga Plutonic Complex (LSPC) (Fig. 1b) or nearby; this complex is located 50 km to ion yield variations. Diameter of the ion beam was typically 10 m. the south of the city of Ulan-Ude. The LSPC is a 50 km × 50 km representative area, exposing plutonic
To allow oxygen isotope analyses, feldspar, amphibole, quartz, and biotite were separated by hand picking from and volcanic rocks from Ordovician-Silurian to Cretaceous age. In the LSPC area granitoids of all ages ultrasonically cleaned grain aggregates of all major rock types. All quartz separates were further purified from any make up 90% of the territory, with no sedimentary or metasedimentary rocks present. The only Ordovician-residual feldspars by treating them with warm fluoroboric acid. Oxygen was extracted from minerals and wholeSilurian mafic rock localities occur in the Nesterikha and Romanovka plutons, 100 km north of the LSPC, and rock powders using the conventional fluorination technique described by Wickham et al. (1995) . After consome Permian, Jurassic, and Cretaceous and younger volcanic mafic rocks are from the Dzhida river area, version of O 2 to CO 2 , oxygen isotopic analysis was performed using a Delta-E mass spectrometer. Oxygen 100 km to the south-west of the LSPC. For Jurassic and Cretaceous basaltic suites we sampled only the most yields in the 95-100% range were considered successful.
Results are reported in the notation relative to Vrepresentative, previously studied outcrops, which contain plagioclase megacrysts (Kononova et al., 1993) .
SMOW with NBS 28 quartz as a standard with 18 O = +9·6‰. Calculated error associated with isotope analyses Mafic rock samples with homogeneous megacrysts come from small gabbro stocks, synplutonic and com-did not exceed 0·2‰.
Whole-rock major and trace elements were analysed posite dikes, and lava flows. We collected macroscopically fresh and unhybridized samples and studied them petro-by X-ray fluorescence (XRF) at XRAL Laboratories Co., Ontario, Canada. graphically. Approximately one-third showed various degrees of subsolidus hydrothermal alteration, which also affected plagioclase megacrysts, and these were discarded.
The purpose of further examination was to identify mafic Plagioclase megacryst selection procedure rocks with large (1-3 mm) plagioclase megacrysts. Not The aim was to identify large (>1 mm), Ca-rich homoall mafic rocks contain megacrysts.
geneous crystal cores inside larger crystals. To accomplish this we went through a series of steps (Fig. 2) . Polished thin sections of 256 fresh porphyritic mafic rocks were studied under the microscope. We selected 72 thin sec-
ANALYTICAL PROCEDURES
tions containing large phenocrysts with optically unzoned
Methods and analytical techniques
cores (e.g. Fig. 3 ). We examined and photographed them further by SEM using Z-contrast image in back-scattered Samples were first studied optically and then with secondary and back-scattered electron imaging on a JEOL electrons. Next we made electron microprobe profiles through 91 selected megacrysts (e.g. Fig. 3 ). Only 67 JSM-5800LV scanning electron microscope at the University of Chicago. Wavelength-dispersive analyses were crystals with unzoned Ca-rich cores with respect to major elements were analyzed further with the ion microprobe. made on a Cameca SX-50 electron microprobe using an accelerating voltage of 15 kV. Standards of Amelia Five to 20 phenocrysts were normally studied by the electron microprobe from each thin section. Several of albite and synthetic anorthite glass, and other synthetic minerals were used for major element calibration. the best phenocrysts (91 altogether) from each rock with a Ca-rich 'plateau' on the concentration-distance plots Samples which were imaged by scanning electron microscopy (SEM) and analyzed by electron microprobe were were then analyzed by ion microprobe (e.g. Fig. 4 ). Trace element profiles through the most representative crystals analyzed later on the same spot by ion microprobe. We normally analyzed at least two spots on each crystal. Ion of each age group were produced and aimed at showing a 'plateau value' for trace elements. A compositional microprobe analyses were made using a modified AEI IM-20 instrument at the University of Chicago for con-plateau was taken to indicate that the unzoned cores have retained their trace elements (Fig. 4) . Each sample centrations of Li, Be, B, F, Mg, P, Cl, K, Ti, Fe, Co, Rb, Sr, Y, Zr, Nb, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, and was typically characterized by three crystals, and each core by two analyses. Analyses of all analyzed cores and Pb. Detailed analytical procedures and a full list of analyses with descriptions have been given by Bindeman the averages for each core are given in Appendix B of Bindeman (1998) . (1998) and Bindeman et al. (1998) . Molecular interferences were reduced by energy-filtering. For each spot, six cycles Partition coefficients were used to convert trace element concentrations to the parental basaltic values. Partition through the mass peaks were made, so that we could high Mg-olivine phenocrysts and mantle-nodule-bearing (and assumed undifferentiated) Baikal-rift alkali basalts, are also An 60-50 (Sharkov & Bindeman, 1990) . This supports our assumption that An 60-50 plagioclase in older volcanic and plutonic suites (Table 2 ) is a primary liquidus phase. The presence of a few more calcium-rich plagioclase crystals in Devonian and Ordovician-Silurian suites may reflect their calc-alkaline affinity (see below). Comagmatic volcanic and subvolcanic bodies have plagioclase phenocrysts of similar size and composition to their plutonic counterparts. Other phenocrysts include euhedral, often altered Mg-rich (Fo 85 ) olivine and occasional clinopyroxene. Groundmass in most cases is a result of recrystallization and alteration of glass. It is possible to compare plagioclase phenocrysts in volcanic and plutonic facies of Early Permian and Late Permian coefficients were determined using the same University suites (Table 2) . We find that both volcanic and plutonic of Chicago ion microprobe, for the same list of trace phenocrysts of the same age have the same core comelements and using the same procedures as for analyzing position, size and morphology, and their trace element Transbaikalian cores (see Bindeman et al., 1998) . The concentrations overlap (see below). The compositional other advantage of used partition coefficients for the overlap suggests that plagioclase crystallized from similar present study is a broad compositional range of pla-magmas under similar conditions before magmas became gioclase (An 79-39 ), which overlaps with the range of Trans-plutonic or volcanic rocks. The primary plagioclase cores baikalian plagioclases. The relationship between D i and seem insensitive to level of emplacement (volcanic or X An allows an important correction to D i values depending plutonic) and subsequent cooling and crystallization. on plagioclase composition.
Whole-rock chemistry PETROLOGICAL RESULTS
Most silicic and mafic rocks reported in this work were
Petrology of mafic rocks and plagioclase
analyzed for major and trace elements (see, e.g. Kononova et al., 1993; Litvinovsky et al., 1994; Bindeman, megacrysts 1998; Litvinovsky & Zanvilevich, 1998) . Litvinovsky & Mafic rocks come from both plutonic and volcanic facies Zanvilevich (1998) compiled a comprehensive dataset of (Table 2) . Microscopically, all plutonic mafic rocks of major and trace element analyses of Transbaikalian silicic different ages are petrographically similar, showing taband mafic rocks of different ages. They made an attempt ular or elongated plagioclase phenocrysts in a matrix of to identify the least hybridized mafic rocks in each suite xenomorphic amphibole, plagioclase, biotite and magto be used as geochemical tracers for tectonic evolution. netite.
Mafic rocks that contain plagioclase megacrysts and were Plagioclase megacrysts with plateau-type cores are often considered in this study are not necessarily the least found in chilled margins of coeval mafic bodies, rather hybridized and least fractionated rocks in each outcrop. than in the less hybridized interiors of these bodies.
However, they almost always belong to the magma body Plagioclase from chilled margins is encapsulated by the where the less hybridized mafic rocks are found. For rim and fine-grained groundmass, which mechanically example, hybridized chilled margins that contain plagioisolated the megacryst and minimized diffusive exchange clase megacrysts often bear evidence of post-quench with the progressively hybridizing melt. In the interiors hybridization. The bulk composition of these chilled of the same bodies, plagioclase cores show evidence of margins reflects in situ hybridization, whereas plagioclase resorption, probably because of longer cooling history megacrysts in them preserve their original composition. and more intensive subsolidus alteration.
The concentration of MgO in most samples which The majority of plagioclase megacryst cores of all ages contain plagioclase megacrysts is >4·5 wt %, and the have similar ranges of anorthite content (An 60-50 ) and concentration of SiO 2 is <54 wt %. In some of the sizes (2-3 mm) (Table 2; Fig. 3 ). They are euhedral and Devonian samples, the high SiO 2 is an artifact, because texturally appear phenocrystic rather than xenocrystic.
unzoned calcic plagioclase comes from rather hybridized The An 60-50 composition is typical for liquidus plagioclase chilled margins and enclaves (Bindeman, 1998) . Least in alkali basalts (e.g. Smith & Brown, 1988) . Pleistocene and Holocene plagioclase phenocrysts in high Mg-Ni-Cr, hybridized mafic rocks of each outcrop (pluton) where Table 2 ; oval holes are result of ion microprobe analysis; lines denote the location of the electron microprobe profile. plagioporphyritic rocks are found often contain <54 wt % samples has abnormally low 18 O; (2) we wanted to ensure of SiO 2 and >5-7 wt % MgO (Litvinovsky & Zanvilevich, that the fractionation factor, , between plagioclase and 1998). Some of them are nepheline normative. Normative amphibole, and between plagioclase and whole rock in nepheline arises in some samples of the earliest a rock is small (1-2·5‰), suitable for high-temperature Ordovician-Silurian suite, and many Mesozoic and (magmatic) oxygen isotope equilibrium between minerals; Cenozoic volcanics are nepheline normative (Sharkov & (3) we wanted to estimate the magmatic 18 O values of Bindeman, 1990; Kononova et al., 1993) .
rocks from each suite. The
18
O values of mafic rocks of each age group are related to contamination of the mafic Oxygen isotope study rocks by the crust.
Representative least altered samples of each age group The purpose of our oxygen isotope project was threefold: (1) we wanted to ensure that none of the studied were analyzed for oxygen isotopes. We analyzed whole-rock powders, plagioclase, amphibole, and biotite mineral by using the whole-rock 18 O data and concentrations of elements that are sensitive to assimilation. We conseparates from several samples of each suite (Table 3) .
Some Transbaikalian silicic and mafic rocks (not part sidered the earliest Ordovician-Silurian suite, where there is a large
O contrast between silicic and mafic of this study) have suffered exchange with meteoric water (Wickham et al., 1996; Bindeman, 1998) . The exchange rocks (Wickham et al., 1996) . The range in
O among even the least hybridized mafic rocks ranges from +7 and alteration resulted in 5-15‰ of 18 O fractionation between quartz and feldspar (which have different sus-to +8·5‰. This is in the uppermost range of variations detected in intracontinental basalts (Kyser, 1986 (Kyser, , 1993 ; ceptibility to alteration; plagioclase, in particular, was shown to be the easiest mineral to alter; e.g. Criss & Harmon & Hoefs, 1995 O and the bulk major element among our samples of each age group, which gives us composition of the basic magma was calculated by the confidence that the studied 18 O values are close to direct small-step assimilant addition-cumulate removal primary magmatic values. All reported data in Table 3 calculation to monitor the remaining 18 O of the magma come from outcrops for which oxygen isotopes were for varying proportions of R (the ratio of cumulate to studied extensively (Wickham et al., 1995 (Wickham et al., , 1996 . Not assimilant) and the degree of fractionation, f. If R > 1 only are plagioclase-amphibole and plagioclase-whole-the mass of the magma decreases with time; if R = 1 it rock data for mafic rocks in a high-temperature range, remains constant, and for the less likely case where R < 1, but also their nearby coeval silicic rocks have been the size of the magma body increases with time. analyzed on quartz-plagioclase pairs, and showed no
We considered concentrations of K 2 O, SiO 2 , MgO evidence of hydrothermal involvement. and
O, because these are the most sensitive to frac- Figure 5 demonstrates that the whole-rock and plagio-tionation or assimilation (Fig. 6) O in the basaltic Plagioclase that is separated and cleaned from ground-range. Moreover, the existence of MgO-rich, SiO 2 -poor mass exhibits an even more pronounced and less noisy samples that have 18 O~8‰ is peculiar. The best fit decreasing trend from 9·1‰ to~6‰. The least hy-of data assumes a basaltic magma with SiO 2 = 48%, bridized samples of each age group (see Table 4 and MgO = 9%, K 2 O = 1·5%, How a maximum 20% of crustal contamination will sensitive variables such as K 2 O, MgO, Co contents, or affect the trace element concentrations of the magma Mg/Fe ratio. We speculate that at least 1-1·5‰ of the depends on the ratio of the various elements in basic observed 3‰ decrease reflects a decrease in 18 O of the and silicic end member magmas. Figure 7 provides an parental, primitive basaltic magmas. If this is the case, it example of the element ratios in coeval silicic to mafic probably reflects the 18 O evolution of the source for rocks for the same Ordovician-Silurian suite samples. basaltic magma.
Most of the trace element concentrations in the mafic rocks are within a factor of three of those in coeval silicic rocks. Potassium shows the most contrasting distribution
Crystallization and AFC modeling (K 2 O (silicic) /K 2 O (mafic) = 3·7-4·5) and should be most sensitive to contamination with the high-K continental crust. The possible extent of crustal contamination that the studied samples could have experienced may be estimated For 20% of crustal contamination, K will increase by a VOLUME 40 NUMBER 5 MAY 1999 The maximum amount of crustal contamination of mafic rocks is 20%, on the basis of the whole-rock major element and 18 O composition. In this section we try to show how the trace elemental composition of the primary cores in plagioclase megacrysts inside these mafic rocks can also constrain this amount of AFC, thus allowing recovery of some or most of these effects and bringing us much closer to the primary, mantle-equilibrated compositions.
To demonstrate that plagioclase cores 'see back through' the effects of plutonic fractionation and assimilation we use concentrations of K 2 O, Ba, Sr and Rb in plagioclase cores for which XRF whole-rock analyses exist (see Bindeman, 1998) . K 2 O, Ba and Sr are abundant in plagioclase, and partition coefficients are well constrained for these elements. Furthermore, because of the contrasting distribution of K 2 O, Ba, Sr and Rb between mafic and silicic rocks in Transbaikalia (e.g. Fig. 7 ), change in their concentrations is a sensitive indicator of assimilation.
We applied partition coefficients to trace element concentrations in each core in the sample to reconstruct a parental magma composition. Reconstructed magma compositions are compared with the observed wholerock concentrations for both the host rock and other rocks from the same outcrop (see Bindeman, 1998) . Figure 8 demonstrates that the reconstructed compositions are indeed more primitive than the whole-rock compositions for most samples. Because the result is consistent for all elements, it indicates that it is likely to be a true recovered signal and not an artifact of partition O of plagioclase, assuming +0·2‰ fractionation certainties. Therefore, the reconstructed compositions for factor between plagioclase and basalt (e.g. Kyser, 1986) .
O range well-determined trace elements are at least as secure as from the Recent is from Pokrovsky (1991) . (See Table 3 for analyses whole-rock compositions.
and text for discussion.) Quantification of degree of assimilation and fractionation can now be reviewed using the example of factor of two in the whole rock. Caution should be used K 2 O, which shows the most contrasting distribution and in interpreting the whole-rock trace elemental data. The should be the most sensitive to contamination. Potassium use of plagioclase megacrysts within these mafic rocks is a minor element whose concentrations are accurately serves as a better approach to retrieve the more primitive determined, whose partition coefficients are most reliable, magma composition. and which is sensitive to contamination with the high-K silicic rocks and magmas. The reconstructed trace element concentrations in 'Looking through' the effects of individual cores within one sample were averaged and assimilation and fractionation compared with the higher whole-rock K 2 O content for each sample (e.g. Fig. 8 ). Next, the higher K 2 O content Pure fractionation of basic magma will proportionately in the whole rock containing the plagioclase cores was and indiscriminately increase the concentrations of almost attributed to either (or probably both) of two processes: all trace elements, except elements that are compatible (1) fractional crystallization of basaltic magma, leading with earliest olivine, spinel and pyroxene-dominated cuto K 2 O increase; (2) bulk assimilation of K 2 O-rich silicic mulates (e.g. Ni, Cr, Mg, Co, etc.). It will not, therefore, rock or magma (Fig. 9) . If the whole increase in K 2 O is change the trace elemental signature of incompatible trace elements. attributed only to fractional crystallization, the estimated VOLUME 40 NUMBER 5 MAY 1999 O values in silicic and mafic rocks are from Table 3 and Wickham et al. (1996) ; major element concentrations are from Litvinovsky et al. (1994) and Bindeman (1998) . Stars are accepted values for end-members: initial 18 O of basic magma for the typical intracontinental basalt is from Harmon & Hoefs (1995) , and the average Ordovician-Silurian crust is from Litvinovsky et al. (1994) and Wickham et al. (1996) . Dashed line is a bulk mixing line; curved vectors are trajectories of assimilation during AFC; + and × , 10% increments of crustal assimilation in the remaining liquid at indicated values of R (rate of crystallization/rate of assimilation). For example, if R = 1 then 10% of crustal assimilation will correspond also to 10% of fractionation.
Therefore, it is demonstrated here that the use of plagioclase cores allows us to step back some few tens of percent of assimilation and fractionation. Compared with the 10-20% of assimilation which plagioclase-bearing host rocks could have experienced (e.g. Fig. 6 ), the cores allow us to 'see' the magma before it evolved to its present state as a rock. Hence, the best estimate of the primitive magma composition is provided by the plagioclase cores. Fig. 7 . Ratio of trace element concentrations in coeval silicic and Evolution of plagioclase megacryst mafic rocks of Ordovician-Silurian age. Analyses are from Bindeman (1998) and Litvinovsky & Zanvilevich (1998) .
TEMPORAL TRENDS

chemistry with time
The relatively narrow anorthite range of studied plagioclases (An 50-65 for 90% of the samples; see Table 2 ) implies that there are no drastic differences in partition degree of fractionation elapsed after plagioclase core coefficients for these plagioclases (Bindeman et al., 1998) . crystallization is below 45% but for most samples is below Therefore we may directly compare trace element con-25%. If the whole increase in K 2 O is attributed only to centrations in the plagioclase phenocryst cores (as proxies assimilation of the coeval silicic rocks (with 4·5-6 wt % for magmatic values) with time. K 2 O) without fractionation then the amount of as- Figure 10 shows the concentration of trace elements similation is <30% and for most samples is <15%.
in plagioclase cores vs geological age. Each point in The most likely scenario would include assimilation the diagram corresponds to the averaged trace element and fractionation acting together and, depending on the concentration in a single plagioclase core [given in Approportions of cumulates to assimilant (normally larger pendix B of Bindeman (1998) ]. We indicated with differthan unity because of the heat capacity argument (e.g. ent symbols volcanic and plutonic cores, and three of DePaolo, 1981) , splitting the proportion between asthe most K 2 O-poor cores of each age group, which are similation and fractionation, hence putting the amount of assimilation to an even lower level.
taken to mark the supposedly least evolved samples. In centrations are based on the trace element analyses of several plagioclase (ppm) based on trace element concentrations in plagioclase cores and megacrysts in each sample, which were compared with the whole-rock partition coefficients [see Bindeman (1998) for analyses]. F and A K 2 O concentrations in these samples. The difference was attributed arrows indicate the direction of concentration change in the melt either to (a) fractionation elapsed since plagioclase crystallization, or during fractionation (F) and assimilation-mixing of silicic rocks (A), (b) assimilation of coeval silicic rocks. In the fractionation calculation respectively. Each filled diamond represents a reconstructed conpotassium is taken as a fully incompatible element. For bulk mixing centration based on a single plagioclase core; each open square with the fraction of silicic end-member is simply added to the reconstructed the '×' symbol is a whole-rock concentration in a host rock containing concentration to yield the whole-rock K 2 O value. the cores; other open squares are similar rocks belonging to the same outcrop. Silicic rocks taken as an assimilant are the same coeval magmas to the indicated mafic rock samples. All whole-rock analyses are from Bindeman (1998) and Litvinovsky & Zanvilevich (1998) . It should be noted that most of reconstructed concentrations are more primitive trend indicates that the K concentrations in plagioclases than the whole rocks. A significant scatter of points characterizes highly largely reflect primary basic magma features, rather than hybridized samples from the Devonian Shaluta pluton (Samples Sh17 the impact of crustal contamination. Thus the trends in and B718), which experienced strong hybridization after plagioclase core crystallization (Bindeman, 1998) . K 2 O and Sr graphs are linear; other trace elements in the same cores are related to the Rb and Ba graphs are logarithmic. evolution of the initial differences (or absence of such) in their parental basic magmas.
The concentrations of other alkali LILE-Rb and especially Cs-in plagioclase are determined with less addition, all plagioclase cores less calcic than An 45 were precision on the ion microprobe. Rb shows a highly excluded from plotting. Despite variation among samples scattered decreasing trend since Devonian, and the temof each age, the variations between age suites for many poral trend of Cs is lost within the scatter. As a result of elements are larger and temporal trends are clear.
K increase, the K/Rb and K/Cs ratios increase.
K, Rb, Cs Ti, P, Zr and Nb
Concentrations of K monotonically increase with decreasing age. The plagioclases from the youngest suites The concentrations of HFSE increase with decreasing age. The concentration of Ti increases 8-10 times are 5-6 times richer in K than those in the earliest suites. This result is opposed to the result expected from crustal whereas P shows scattered increase. These elements are virtually immune to crustal contamination, because silicic contamination. If crustal contamination were playing a major role in K budget of basic magma (before plagioclase rocks contain relatively low concentrations of titanium and phosphorus. The established trend is interpreted as crystallization), then the oldest plutonic suites would have more chance to be heavily contaminated with their coeval reflecting primary features of basic magma and its temporal evolution. high-K silicic counterparts. The youngest olivine-bearing volcanic rocks of the last two suites would have been The concentrations of Nb, which has a low abundance in plagioclase trace HFSE, increase in suites 5 and 6, more pristine. Because we observe just the opposite, the VOLUME 40 NUMBER 5 MAY 1999 ; crosses denote three samples in each age group with the lowest reconstructed K 2 O content, taken as the evidence of the most primitive (unhybridized and undifferentiated). It should be noted that this selection does not show a similar pattern on similarly incompatible elements. This is taken as evidence that the scatter in each age group is not due to contamination or fractionation. It is interpreted to be related to the initial magma composition. It should be noted that some graphs are logarithmic.
whereas Zr scatters significantly and shows no clear trend.
Li, B and Pb
The concentrations of these geochemically distinct elements exhibit similar patterns. The concentrations in-
Mg, Fe and Mg/Fe
crease from Ordovician-Silurian to Devonian suites and The concentrations of Mg and total Fe increase with then show steady decrease with decreasing age, with decreasing age, whereas the Mg/Fe ratio remains rel-significant scatter. Lead also shows an overall decrease atively constant. The low absolute value of Mg/Fe total from the Devonian suite onwards and is interpreted in plagioclase is expected, because Fe 3+ partitions into as reflecting the evolution of the basic magma source. plagioclase 10 times more efficiently than Fe 2+ (Phinney, Remarkably, the evolution of lead concentrations in 1992). The relative constancy of differentiation-sensitive Transbaikalian plagioclases closely matches that of hydrofactors such as Mg/Fe ratio in plagioclases of different phile Li and B. Lead, lithium and boron have been ages is interpreted as reflecting the similar degrees of shown experimentally to preferentially partition into the basic magma fractionation (or absence of such) before fluid phase during subduction (Tatsumi et al., 1986 ; Noll plagioclase has started to crystallize. .
REE and Y REE and Y
Concentrations of La and Ce decrease with decreasing The reconstructed concentrations of REE for all suites are high, and consistent with that of common alkali basalt age, whereas the concentrations of Pr, Sm, Nd, Eu and Y remain constant or slightly increase. As a result, La/ (e.g. Sun & McDonough, 1989) . Reconstructed La and Ce decrease from the two earliest suites, whereas medium Y and Ce/Y ratios decrease with decreasing age. The relative constancy of Eu/Sm ratio in plagioclases of REE (MREE), and heavy REE (HREE) proxy element, Y, do not show any significant trend. As a result, the different ages is interpreted as reflecting the absence or similar degrees of pre-existing plagioclase fractionation reconstructed La/Y and Ce/Y ratios are high for rocks of all ages, similar to those of deep-segregated intrabefore cores crystallized.
continental alkali basalts having garnet in their source (e.g. McKay, 1989) and differing from subduction-related
Sr and Ba
magmas. Surprisingly enough, the earliest suites have the Strontium shows a zigzag pattern, which probably results highest La/Y ratio, approaching 100. The decrease in from its strong sensitivity to fractionation. Ba shows no the La/Y and Ce/Y ratios at only slight increase in Y clear trend.
indicates preferential temporal depletion of light REE (LREE). Tatsumi et al. (1986) , and have shown that LREE are
Reconstructed parental melt compositions
strongly enriched in the fluid phase separated from the and element ratios subducted slab, whereas mobility of HREE and Y is negligible. The reconstructed trace element concentrations and
The reconstructed concentrations of trace elements ratios of the parental basaltic magma inferred from were used to calculate element ratios, to reveal some plagioclase cores can be compared with observed trace source-related features of basic magmatism of each age element concentrations and ratios in other basalts (whole (Fig. 10) . rocks).
Reconstructed concentrations of trace elements (Fig. 11) were obtained by dividing concentrations in Ba/K vs Rb/K the cores of primary megacrysts by the corresponding The use of this diagram is meant to discriminate the partition coefficients. The latter were adjusted with re-island arc basalt (IAB) from ocean island basalts (OIB) spect to anorthite content in plagioclase and temperature and within-plate basalts (WPB) (Fig. 11) . Cs, Rb and (see Bindeman et al., 1998 ) assuming a single temperature, Ba were shown to be highly hydrophile during slab 1150°C. Magmatic temperature variation within~100°C dehydration with saline fluids and they enrich the mantle produces a less than 10% effect on RT ln D i value (see wedge in the order Cs, Rb, Ba, K (e.g. Tatsumi, 1986; Blundy & Wood, 1991; Bindeman et al., 1998) , which is Keppler, 1996) . On the other hand, these elements have well within the natural and analytical dispersion. similar incompatibility to melt during partial melting of variously enriched or depleted mantle (e.g. McDonough et al., 1992) , and Ba/K and Rb/K ratios are relatively insensitive to variations in degree of partial melting and The reconstructed K 2 O concentration in the parental crystallization. Therefore Rb/K and Ba/K ratios can be magma changes from~1 wt % in the earliest Ordovicianused to discern the arc signature in the old rocks. Silurian suite to 3-5 wt % in Jurassic and Cretaceous
We notice in the Ba/K vs Rb/K diagram that there rocks. Rather high potassium concentration even in the is an overall temporal decreasing trend from the field of earliest suites implies the K-rich calc-alkaline or alkaline IAB toward the field of OIB-WPB in Transbaikalian nature of basic magmas.
suites.
TiO 2 and P 2 O 5 Ti vs Zr, Ti/Y vs Nb/Y and Ti/La vs P/La diagrams
Progressive increase in Ti and P concentrations in plagioclase cores from the earlier to later suites corresponds to The other important test is the use of HFSE and their ratios to REE to discriminate OIB-WPB vs IAB. HFSE increasing reconstructed TiO 2 and P 2 O 5 concentration in their parental magmas. Low concentration of TiO 2 were shown to be retained with the accessory phase (such as sphene, rutile, etc.) within the downgoing subducting (0·16-0·48%) and P 2 O 5 (0·10-0·20%) in the earliest suites suggests a calc-alkaline nature of Ordovician-Silurian slab, leading to the depletion in Nb and Ti, and to a lesser degree P and Zr, in arc magmas (e.g. Johnson and Devonian suites, despite rather high K 2 O. Cretaceous and Jurassic suites have high concentrations of both TiO 2 & Arculus, 1978; Hickey et al., 1986; Keppler, 1996) .
Compared with IAB, OIB and WPB show no HFSE (1·3-1·51%) and P 2 O 5 (0·20-0·30%) corresponding to typical intraplate basalts (e.g. Pearce & Cann, 1973) . depletion (and sometimes enrichment) relative to REE and Y. In addition, LREE behave as LILE during well as published averaged composition of various OIB and IAB, to match the Transbaikalian spidergrams. subduction. They are shown to be preferentially leached from the slab with saline hydrothermal fluids and may We found that highly alkaline IAB-type volcanics from Vesuvius and the Aeolian island arc (but not the less enrich arc magmas in LREE and LILE (e.g. Keppler, 1996; alkali-rich Kurile volcanics) match both the absolute concentrations and the zigzag pattern of the earlier relative to the MREE and HREE and Y. Hence the use of HFSE/LREE ratio (such as Ti/La vs P/La) should Transbaikalian suites. The normalized reconstructed compositions of the studied Hawaiian rock, and the make the distinction even clearer.
Transbaikalian suites progressively increase in HFSE averaged published OIB, match most details of the later Transbaikalian suites. The reconstructed trace element relative to Y (as a proxy for HREE) and especially Ti and P relative to La (LREE) with time. These element pattern based on Icelandic plagioclases is low in absolute level of concentration and different in pattern. Therefore, ratios and the absolute concentrations of Ti in later suites approach those in WPB-OIB in discrimination diagrams, most of Transbaikalian suites lie within the described trace element patterns of highly alkaline intraplate volhence confirming the progressive transition from IAB to OIB.
canics with IAB affinity, and OIB. We next observe the systematic change in the norIt is important to notice that the whole-rock trace element abundances in Late Cretaceous and younger malized trace element pattern for different Transbaikalian suites. Ordovician-Silurian and Devonian volcanic suites including the Baikal rift volcanics (which suites exhibit a trace elemental zigzag pattern, more are fresh and can be characterized using whole-rock reminiscent of the above-mentioned present-day alkaline techniques) closely match the trace element pattern of IAB: strongly enriched LILE, high Rb/K, Ba/K, Cs/ OIB (Fig. 12) (Yarmolyuk et al., 1992; Kononova et al., K ratios, and low HFSE concentrations. The Early 1993) . This confirms that the established Paleozoic and
Cretaceous suite matches OIB trace element patterns. Early Mesozoic trends are developing toward OIB and Younger suites-Late Cretaceous, Tertiary and Quaa trace element signature characteristic of OIB occurs in ternary-are also typical OIBs, as revealed by wholethe later suites (as in Fig. 12 ).
rock analyses (Kononova et al., 1993) (Fig. 12c ). Between these, Permian to Jurassic suites show similar IAB zigzag patterns, but with a steady increase in HFSE, and deSpidergrams and comparison with modern creasing Rb/K, Ba/K and Cs/K ratios. This seems to volcanics from different environments reflect a tendency towards OIB trace element patterns. The reconstructed concentrations of trace elements were normalized to the primitive mantle composition (Sun & McDonough, 1989 ) and plotted on a spidergram (Fig. 12). 
DISCUSSION
We also analyzed plagioclase megacrysts in basalts Evolution of basic magmatism during from different modern environments: Laki, Iceland, as cratonization an example of MORB; Mauna Loa, Hawaii, as an example of OIB; 12 Kurile island arc volcanics of various The use of plagioclase cores allows us to retrieve a alkalinity (see Bindeman & Bailey, 1999) as examples of primitive trace element signature of primitive basic IAB; and 1944 lava flow of Vesuvius as an example of magma as a window to the mantle underneath the highly alkaline IAB-type volcanics (see Fig. 12a ).
evolving craton. It is particularly important given the First we find that the plagioclase-based reconstructed role of basic magmas in generating the enormous volumes spidergrams for these volcanics are similar in pattern to of syenites and granites throughout the Paleozoic, and those of their respective average whole-rock equivalents the fact that the exposed coeval primitive mafic rocks from Sun & McDonough (1989) , indicating that the are extremely sparse in Transbaikalia and other areas of plagioclase-based reconstructed patterns are not artifacts orogenic and anorogenic magmatism. of the partition coefficients. Next, we use the reThe chemical trends described above allow us to discuss the evolution of basic magmatism in a single lithospheric constructed compositions of these modern volcanics, as Pearce & Cann (1973) and Pearce (1982) , respectively. A temporal trend from IAB toward WPB-OIB should be noted. Ranges of Ba/K, Rb/K, Ti/La, P/La in OIB and IAB are from McDonough et al. (1992) , Sun & McDonough (1989) , White & Patchett (1984) , Hickey et al. (1986) and Johnson & Arculus (1978) , respectively. La/Y was normalized to the chondrite value from Sun & McDonough (1989) . (See Fig. 10 for symbols.) block during 400 my after collision: a history of pro-thickening of the lithosphere, a possible aspect of cratonization (Pollack, 1986) . gressive cratonization.
The reason for
18
O decrease from 7·8‰ in OrGeological evidence for an intracratonic tectonic endovician-Silurian to~6‰ in Cretaceous (see Fig. 5 ) and vironment of magmatism since at least Devonian times Cenozoic time (e.g. Pokrovsky, 1991) may reflect a similar (e.g. Gordienko, 1987; Zonenshain et al., 1990) , as well trend. The temporal evolution of
O composition of as a clear anorogenic nature of coeval silicic plutonism the mantle source in the continental lithosphere may (e.g. Wickham et al., 1995 Wickham et al., , 1996 (Li, B, and Pb) during cratonization. concentrations notably reflects depletion and eventual exhaustion of a subduction-related component through time. As a result, the island arc-related trace elemental signature inherited from hundreds of millions of years of Tectonic implications subduction progressively faded through the course of The chemical trends of evolution of basic magmatism removal of melt during each stage of basic magmatism. allow speculation on the tectonic evolution of the central The compositional evolution correlates with the overall part of Eurasia for the last 400 my. Formation of the decrease in magmatic volumes, although the exact pro-huge Angaro-Vitim batholith in Ordovician-Silurian portions of each are difficult to determine. On the other time was a result of a large-scale collisional event (Gorhand, the concentrations of HFSE (Nb, Ti and P) in-dienko, 1987; Zonenshain et al., 1990 ; Litvinovsky et creased with time to the level of OIB. This transition al., 1994) that plausibly produced a body of thickened indicates that not only was sublithospheric mantle in-continental crust over the vast area of southern Siberia. volved in partial melting, but also it supplied some A mountain plateau comparable in size with Tibet, and components, and especially K with time. Despite the isostatically compensating lithospheric roots, formed as overall decrease in magmatic volumes, the relative role a result of this collision. As is accepted in recent models of sublithospheric mantle in melt generation increased on collisional magmatism (Willett & Beaumont, 1994) , with time, and when the lithosphere was exhausted, conductive heating of these roots, additionally heated by the basic magmatism became sublithospheric mantle radioactive decay of the U, Th, and K in thickened dominated.
continental crust, could be the mechanism for such a The progressive decrease in LILE, LREE, and volatile great scale of remelting and formation of the Angaroelements suggests a similar trend for H 2 O, which could Vitim batholith. In addition, fast erosion of the uplifted cause an increase in the mantle solidus temperature, and area of thickened continental crust could have resulted possibly a deepening of the melting zone. These changes in pressure release in the crustal roots, causing adiabatic melting of both the crust and the lithospheric mantle. correspond to an increase in mantle viscosity and perhaps Therefore, both radioactive heating and adiabatic melting hotspots, such as the southern Baikal one (Yarmolyuk et al., 1992) . are believed to be the most plausible mechanisms for
To constrain tectono-magmatic evolution in greater the silicic and basic magmatism not only during the detail requires knowledge of the many factors governing Ordovician-Silurian collisional and rebounding stages, the largely cryptic processes of cratonization. These inbut also throughout the Paleozoic history. The decaying clude the temporal drift of the cratonizing lithosphere volumes of magmatism since Ordovician-Silurian time over sublithospheric mantle of varying composition, deare consistent with this interpretation.
grees of melting and temperatures (e.g. hotspots), and The role of subduction underneath the newly accreted 'mantle extrusion ' (e.g. Hoang & Flower, 1998) . Thereterrane in the later Paleozoic history is unclear. On the fore, the role of sublithospheric mantle is largely hidden. one hand, the trend of trace elements in the reconstructed
The other unknown factor in a geochemical budget is basic magma from Devonian to Jurassic time indicates the thickness and volume of the cratonizing lithospheric that a subduction-related component was involved in mantle, which can change as a result of both mechanical magma genesis. On the other hand, we observe depletion delamination after collision, and consequent slow temof this component with time, and a gradual increase in poral evolution and depletion. OIB component (see Figs 11 and 12 ). It could be that no additional subduction took place underneath Siberia since Devonian time and that the subduction-related
Concluding remarks
component perished since then. In this view, the observed Ion microprobe study of surviving primary plagioclase decrease in the subduction-related component with time cores serves as a new tool in basic magma petrogenesis is associated with devolatilization of the mantle sources.
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